Specialised receptors on immune cells recognise invading pathogens and trigger a series of signals culminating in protective responses that can include internalisation of the organism and the generation of anti-microbial reactive oxygen species (ROS). Inappropriate activation of these responses can, however, be damaging to the host, causing tissue injury and inflammation. It is therefore crucial that the host cell can distinguish direct microbial contact from the detection of soluble material shed from microbes at a distance, and respond appropriately. Recent work published in Nature by a team at Cedars-Sinai Medical Center has given insight into how the host can achieve this distinction. This investigation by Underhill and colleagues [1] focused on the immune receptor Dectin-1 and its recognition of b-glucans, carbohydrates commonly found in fungal cell walls. The findings resulted in their proposal of a model mechanism through which immune cells can distinguish between direct fungal contact and detection of soluble fungal-derived components [1] .
Dectin-1 is a pattern recognition receptor expressed predominantly by myeloid cells. It recognises fungi by detecting b-glucans and triggers a variety of immune responses through signalling via its atypical immunoreceptor tyrosine-based activation motif (ITAM). A great deal of in vitro work has suggested an antifungal role for Dectin-1 and, indeed, recent studies in mice and humans have established an important function for the receptor during fungal infections (see [2, 3] for recent reviews covering Dectin-1). Dectin-1 was originally identified as a b-glucan receptor by studies using zymosan, a b-glucan-rich yeast-derived particle [4] . b-glucans themselves have been of interest since the 1960s when their immune-stimulating activities were discovered, and the administration of purified b-glucans has since been shown to protect against tumour development and to boost resistance to various infections [5] . The b-glucan components of zymosan also account for its observed immunostimulatory effects and it has consequently been widely used for many studies of immune function. Following the identification of Dectin-1 as the principal b-glucan receptor on leukocytes, subsequent investigations demonstrated that it is in fact the key receptor involved in mediating the immunomodulatory effects of these carbohydrates.
Although there has been considerable progress regarding Dectin-1 and its significance in immunity, some aspects of its recognition of b-glucans have puzzled researchers. For example, the mechanism underlying its recognition of carbohydrates is still unclear. Furthermore, although small soluble b-glucans such as laminarin bind specifically to Dectin-1, they function to block rather than activate the receptor [6] . In general, intermediate-sized soluble b-glucans, such as glucan phosphate, do not appear to directly activate leukocytes in vitro, although there is evidence that in some instances they can induce cytokines and transcription factors, and they seem to possess biological activity in vivo [6] . Conversely, there are several examples demonstrating that large particulate b-glucans, such as zymosan and curdlan, can directly activate leukocytes, thereby stimulating phagocytosis and the production of inflammatory mediators and ROS. These general observations regarding the relationship between the molecular weight of b-glucans and their biological activity raised the idea that larger molecules were required to provide a greater degree of receptor cross-linking to permit Dectin-1 activation.
Underhill and colleagues [1] explored this idea by comparing whole glucan particles (WGP), a particulate yeast-derived b-glucan preparation, with various soluble yeast-derived b-glucans ranging from low to high molecular weights. They examined the activities of the b-glucans in the context of phagocytosis, and the induction of cytokines and ROS. Using various cell types they found that WGP induced robust Dectin-1 signalling and downstream responses, whereas all soluble b-glucans (including high molecular weight glucans) failed to elicit similar responses. These observations demonstrated that increasing the size of the b-glucan is insufficient to activate Dectin-1 signalling and prompted the group to investigate whether the way in which b-glucans are presented to a cell may be an important factor. They investigated this by examining responses from cells stimulated with soluble b-glucans immobilised on the surface of plates or beads. Using this approach they demonstrated that the size of the b-glucan is unimportant, but that in order to trigger cellular activation it must be presented to Dectin-1 in an immobilised form such as on a yeast cell.
The researchers likened the requirement of immobilised b-glucans for Dectin-1 activation as being similar to the situation with the 'immunological synapse', which forms during antigen presentation, a process by which cells such as macrophages and dendritic cells display digested peptides (microbial or self) to T cells. Ligation of T-cell receptors (TCRs) by these peptides displayed on major histocompatibility complex (MHC) molecules ultimately leads to T-cell activation. The activation of the Src family of tyrosine kinases is initially required and this event promotes recruitment of the Syk family kinase Zap70, thereby allowing downstream signalling. An important regulatory component of TCR signalling is the tyrosine phosphatase CD45. Although CD45 must initially be present to dephosphorylate a negative regulatory tyrosine on Src family kinases, the phosphatase is then excluded from sites of TCR-peptide-MHC engagement, allowing transmission of ITAM signalling [7] . This prompted Underhill and colleagues [1] to explore the idea that CD45 and CD148, a related tyrosine phosphatase, would similarly be excluded from sites of Dectin-1 engagement to allow propagation of Dectin-1 signalling. Using confocal microscopy and surface modelling techniques they showed that CD45 was uniformly distributed on the surface of macrophages, but, following contact with b-glucan particles or live fungi, CD45 and CD148 were excluded from membrane regions enriched for Dectin-1 and other enzymes involved in ITAM signalling. Conversely, CD45 remained evenly distributed on the surface of cells following stimulation with soluble b-glucans.
These observations allowed the group to propose a model mechanism that accounts for variable downstream responses upon recognition of soluble and particulate b-glucan by Dectin-1. The mechanism involves the formation of what they term a 'phagocytic synapse' between Dectin-1 on immune cells and b-glucan-containing particles (including intact fungi). CD45 and CD148 phosphatases initially induce activation of Src family kinases by dephosphorylating negative regulatory tyrosines. As the phagocytic synapse forms, these phosphatases, which would potentially block Dectin-1 signalling, are removed. Their exclusion may be linked to the close association between the cell membrane and the particle, forcing their large glycosylated extracellular regions to the periphery of the synapse. On the other hand, although soluble b-glucans bind to Dectin-1 and cause receptor clustering, they do not induce exclusion of CD45 and CD148 from the receptor and therefore signalling is inhibited (Figure 1) .
What remains unanswered is how certain soluble b-glucans display biological activity in vivo. The answer to this may lie in the involvement of other b-glucan receptors, and indeed another recent paper suggests that soluble and particulate b-glucans use different receptors for eliciting their biological activities [8] . glucan phosphate, and biologically inert b-glucans such as laminarin [9] .
There is a notable difference between Dectin-1 and the Toll-like receptors (TLRs) in terms of their ability to respond to soluble factors. The TLR family of pattern recognition receptors sense soluble microbial factors and are activated by dimerisation of intracellular signalling domains, resulting in stimulation of inflammatory responses. Although the TLRs are highly sensitive, their signalling is also tightly regulated through control of their localisation and trafficking, and at transcriptional, post-transcriptional and post-translational levels [10, 11] . On the other hand, the regulation of Dectin-1 signalling is not very well understood. Unlike many C-type lectin receptors, it does not appear to have a paired inhibitory receptor to regulate its function. It is possible that the unusual ITAM may be a means of regulation. Although there are parallels between Dectin-1 signalling and receptors that signal via traditional ITAMs, there are also differences. For instance, it is thought that Syk binds two singly phosphorylated ITAMs on adjacent clustered Dectin-1 receptors [2] , a feature which may result in weaker or 'regulated' signal transmission compared with traditional ITAM signalling where a single Syk family kinase is recruited to one doubly phosphorylated ITAM.
The phagocytic synapse proposes a model mechanism for the specific detection of factors associated with a microbial surface, as opposed to those shed from distantly located organisms, and it may also be a method of direct regulation of Dectin-1 and other phagocytic receptors. To a certain extent it resembles the immunological synapse between the TCR and peptide-MHC complexes, an interaction which is critical at later stages of an immune response. The phagocytic synapse, which is more important in early immune responses, may be an evolutionary precursor of the immunological synapse. It will be interesting to see how this model applies to other pattern recognition receptors involved in innate immune responses. 
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The regularity of the arrangement of leaves, flowers or floral organs in plants, a phenomenon called phyllotaxis, can not only be easily observed by anyone, but it is also the source of inspiration for scientists since the classical antiquity [1] . Depending on the position and number of organs that are formed on a given point along the stem (a node), different pattern types can be distinguished. For instance, if leaves grow one by one, each at a constant angle from the previous one, the phyllotaxis is called distichous when the angle is 180 or spiral when the divergence angle is close to the golden angle, about 137.5 [2] . When two evenly spread organs are formed on a node, the phyllotaxis is decussate, and whorled when three or more organs arise simultaneously. Although phyllotactic patterns tend to be stable, they are affected by environmental factors and may change during the development of the plant. For instance, in the model plant Arabidopsis thaliana, the embryonic leaves and the two first vegetative leaves show a decussate pattern before switching to a spiral phyllotaxis for later vegetative leaves and flowers, and finally to a whorled pattern for floral organs (Figure 1 ). Now, in this issue of Current Biology, Prasad, Grigg et al. [3] reveal a role for genes of the PLETHORA family in the control and the transition of phyllotaxis.
Phyllotaxis emerges in the meristems, specialized structures that combine a self-renewing group of undifferentiated cells in their centre with continuous initiation of primordia from their periphery in a spatially and temporally controlled pattern [2] . To understand the basis of the phyllotaxis it is necessary to decipher the mechanisms behind the regular pattern of organ initiation in the meristem.
